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$194 Measurements and Soil Moisture

Initial correlations between the $194 aontenna temperature and soil moisture
content have been made for three sets of data. One of these obtained for June
5, 1973 from Skylab 2 was previously reported (October Progress Report) . Further
analysis of these data and comparisons with that obtained from Skylab 3 on August
5 in Kansas and August 8 in Texas will be included in this progress report.

The test sites for Skylab 3 data collection are shown in Figure 1 for Konsas
and 2:for Texas. These figures also show the distribution of weather radar echoes
several days prior to Skylab data collectionAlthough the radar echoes are not
always good measures of rainfall at the surface ,they do serve as useful supplementary
information on moisture distributions, Actual soil moisture measurements were used
for correlating with Skylob data.

Correlation coefficients were calculated using the 5194 antenna temperature
measured every 3.5 nautical miles from Skyiab 2 on June 5, 1973 over the Texas
test site. Table 1 gives the correlation coefficients and regression equations
determined for various soil depths, This toble differs slightly from a similar table
reported in October since three antenna temperatures were averaged to obtain
the previous correlations, Table 1 was obtained by correlating single antennce
temperatures measured every 3. 5 nautical miles with the average measured soil
moisture within a 3.0 nautical mile radius of the center point of the radiometric
measurement. The antenna temperature is highly correlated with the moisture content
of the surface layers with the 0 to 2 inch layer slightly better than the 0 to 1 inch
layer for the first set of data. Figures 3 and 4 show the relationships for these two

layers.



TABLE I 7
CORRELATION BETWEEN SOIL MOISTURE AND $-194 ANTENNA TEMPERATURE

SLZ: 6-5-73 Texas

Soil Moisture Correlation . Regression Lquation
Laver Cocfficient’ N
0-1 inch , ~.0.984 kN SM=94,80 - 0.3353AT
1-2 inch -0.985 .77 SM=88,02 - 0.2996AT
2-3 inch ) -0.938 - g4 7 SMF65.63 - 0,2097AT
3-4 inch -0.905. &} SM=59.30 - 0.1814AT
4-5 inch - -0.863 - "'-5_\ SM=53.69 - 0.1589AT
c_& inch S -0.857 1. SM=61.03 - 0,1873AT
0-2 inch -0.987 ., - SM=91.33 - 0.3171AT
0-3 inch . -0.979 ' SM=82,83 - 0,2816AT
3-6 inch 0.977 ~1 . SM=38.01 - 0,1760AT

Sample Size=50
SM=501l Moisture
AT=Antenna Temperature .
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A similar analysis of Skylab 3 data obtained on August 5, 1973 over the Kansas
site resulted in correlation coefficients and regression equationsshown in Teble 11,
The correlation coefficients are not as high for this set of data. The best correlation
between the antenna femperature and soil moisture existed for the 0 to 1 in, layer
with the 0 to 2 inch layer second. Scatter diagrams of these relationships are shown
in Figures 5 and 6. The correlation coefficients may be lower because of the small
variations in soil moisture across the test site. Figure 7 shows that the surface
moisture varied from slightly more that. 1% to a little less than 5%. With this
small variation over a distanice of 84 nautical miles the location of soil moisture
sampling sites and measurement techniques were much more critical than with larger
variations and may have coniributed to lower correlations Corresponding antenna
temperatures over the test site are shown in Figure 8. The variations were small
and are in the same direction as observed previously over the Texas test site,

Data obtained over Texas on August 8 from Skylab 3 again gave good correlations
as sshown in Table III. The highest correlation between antenna temperature and
soil moisture was obtained for the 0 to 1 inch'layer (-0.95). Because of the past
history of rainfall the soil moisture of the surface layer was not as correlated with the
moisture content of deeper layers. The correlation between antenna temperature and
soil: moisture/ dropped to =0.81 for the 1 to 2 inch layer of soil. The 0 to 2 inch
layer average is also considerable less than that of the O to 1 inch layer. The scatter
diagrams for these two layers are shown in Figures 9 and 10,

Actual variations in Antenna Temperature and soil moisture are shown in Figures
11 and 12 respectively. Total soil moisture variations were almost 13% with lower

antenna temperatures correspending to higher moisture confents.

Summary of Significant Results

Correlations between the 5194 antenna temperature and soil| moisture have been
obtained for three sets of data; one for Skylab 2 and two for Skylab 3. The best
correlations were obtained for the surface to one inch depth in two cases and for the
surface to two inches depth for the third case. Correlation coefficients for the sur-
face to one inch depth were -0.98, -0.95 and -0.82. The lowest correlation coef-

ficient was obtained with i total soil moisture variations less than 4% across the test

)

site ,



‘TABLE 1I '
CORRELATION BETWEEN SOIL MOISTURE AND S-194 ANTENNA TEMPERATURE

SL3: 8-5-73 Kansas

Spoil Moisture Correlation Regression Equation
Layer Coefficient
0-1 inch -0.820 SM=136.29 - 0.4901AT
1-2 inch -0.791 : SM=167.96 - 0.5901AT
2-3 inch -0.790 SM=153.97 - 0.5319AT
3-4 inch -0. 986 - SMF143.98 - 0.4952AT
- 4-5 inch -0.718 - SM=106.02 - 0.3527AT
~5-6 inch -0.806 SM=140,01'- 0,4779AT
0-2 inch ~0: 807, - SM=152,18 = 0,5402AT.
0-3 inch -0.808 SM=152.62 - 0.5369AT
3-6 inch -0.9347 SM=129.98 - 0.4418AT :
0-6 inch ~0.988 ~ SM=141.53 - 0.4902AT:

Sample Size=20
SM=So0il Moisture
AT=Antenna Temperature
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VARIATION OF THE AVERAGE SOIL MOISTURE (0-1 inch layer)
BY % OF WEIGHT ALONG THE TEST TRACK (KANSAS 8-5-73)
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S=194 IEMPERAITURE VARIAITONY IN DEGREES K
ALONG THE TEST TRACK (KANSAS 85-73)
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TABLE III:

CORRELATION BETWEEN SOIL MOISTURE AND 5-194 ANTENNA TEMPERATURE

8-8-73 Texas

So0il Moisture Correlation Regression Equation
Layer Coefficient
0-1 inch -0.954 SM=%12.43-0.4001AT
1-2 inch -0.841 SM= 69.88-0.2359AT
2-3 inch -0.490 SM= 39.12-0.1151AT
3-4 inch _ -0.034 SM= 11.44-0.0087AT
4-5 inch 0.25% SM=. 8,709 +0.0670 AT
5-6 inch 0.388 SM=-15.97+0.0972AT
0-2 inch -0.91% SM= 91.15-0.33180AT
0-3 inch -0.839 SM= 73.81-0.2503AT
3-6 inch 0.205 SM= -4.18+0.0517AT
0-6 inch -0.440 SM=. 34.79-0.0992AT

Sample Size=50
SM=50il Moisture
AT=Antenna Temperature
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S-194 TEMPERATURE VARIATIONS IN DEGREES K~~~ .. = . .. .. .
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VARIATION OF 1HE AVERAGE 5O0IL MOISIURE (O~t INCH LAYER)
- BY % OF WEIGHT ALONG THL TEST TRACK (TEXAS 8*8-73)
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